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Description 

FIELD OF THE INVENTION 



QH 

H 3 C(CH 2 )^.^ A ^ 
OH + NR 1 R 2 R 3 
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r~ n r aiWvl arouD and X represents an atom or 

BACKGROUND OF THE INVENTION 

called -liposomes' upon dispersion * ate ; nnnnpk . dorcombiningafew0 f lipids mentioned in the above. Liposomes 
[0003] Liposomes can be prepared by using one kmc ^°° m ™ jca , a ^ ents are incorporated in the liposomes, 
L Jown L a good carrier in a drug delivery sy^ 

the hydrophilic portion of a drug m ^ s ^Z °XiT^ carrier, liposomes can perform accurate deiivery of a 
portion of a drug is inserted in bilayer of '^"^^.^ £, delivered by liposomes. Therefore, .iposomes 
desired drug in the diseased part and ,„ a nea vy dosage of drugs. The applications of lipo- 

can seriously reduce side effects such as variel 7 0 f fields such as antigens, genes pharma- 

somes as a drug carrier have been ex Panded rece cover a va ^ y otne r chem.cal drugs 

o D-erythro arrangement at position 3 .s d,scovered « ™^ S ™ ^ P 9 ^ spN ^ ^ denvatjves 

bodywhile PhytoS is present only in horny 'ayerof human : sk.n ■ BJJ ( jnhibttore Qf pKC (pro eln 

initiated at early 1 990s and the studies ^ "^^^bla^ * numerous cellular activities even at low 
kinase C). Moreover, the SPN and its denvaWes we re found tc rite .nv *n«tt, 98, 269-273 

concentration (D.J. Bibe. et al., exhibited mostly in horny layer, the interest 

, 5 1 992; Y.A. Hannun. Science, 274, 1 855-1 B5S ri 1 996 )^»™« J e and also not much had been known abou 
on the PhytoS has been much ,ncreased, TcaU* ivitles. In particular, N,N-dimethyl aph.ngoa.ne (DMS) 
the methods to synthesize their derivatives and their biological ac > v, ™ s p derivatives of SPN. are known to be 
S ^.N.N-trimelhylsphingosNum haHde ^^^^JX^^to^^f^f^ 
superior to SPN with respect to the.r mh.b.tory acbvrt.es ag*ns PKO antitumor activity and an 

50 cancer cells both in vivo and in vitro. In addit.on, .t was a s ^ s ™ somal TMS , wne rein the mole ratio of 
anri-metastatic activity in murine B16/BL6 ^™ !^£? 4 ^ : 1 . However, there is required a relative* 
egg phosphatidylcholine (egg PC) : cholesterol (Choi) ™SJhd « * entjoned effects an d this often results 

,arge amount of TMS-hal (e.g., about 0.1-05 ^^S^toilrasponsa.Tha efforts to resolvethesetox.ct.es 
in s'ide effects such as hemolysis, hemoglob.nuna , and an jjj^ll^ , ipo£omal TMS . n al was shown non-tox,c 
5 s were carried out by using liposome technology "^T*^, of cancer cells as well as metastasis as compared 
and was also more effective in in ^^f^^Z^ S. Kawa, F. Ruan, and Y. .garashi, Cancel, 
to the TMS hal without liposomes ut.l.zat.on (Y.S. ParK, fa. 
54, 2213-2217, 1994). 
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[0005] There has been a report on phytoS, whose structure is very similar to that of SPN, that reveals the difference 
in efficiency of DNA transfection In in vitro systems of KK-1, COS-7 and MSC-1 cells due to the difference in the 
formulation of a helper lipid (T. Paukku et al., Chem. Phys. Lipids, 87, 23-29, 1 997). The phytoS is also known to have 
an excellent anti-microbial activity for a wide range of microbes and can alleviate skin irritations by secreting interleukin 
as a PKC inhibitor. N.N.N-tri methyl phytosphingosinium halide (TMP-hal), a derivative of phytoS, was recently published 
(Korean Unexamined Patent No. 1999-78610), wherein the derivative is described as a cosmetic component with its 
use limited to skin protection. Nevertheless, there has been no prior example showing that TMP-hal is an antitumor 
agent. 



10 SUMMARY OF THE INVENTION 



[0006] The inventors of the present invention manufactured liposomes that contain a derivative of phytosphingosine 
of the above formula I in various compositions and confirmed their antitumor activity as well as the anti-metastatic 
activity. Therefore, the object of the present invention is to provide a phytosphingosine derivative of formula I having 
an antitumor activity and also to provide antitumor agents comprising the phytosphingosine derivative. 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0007] 



20 



Fig. 1 shows pictures representing the anti-metastatic activity of N.N.N-trimethylsphingosinium iodide (hereinafter 
referred to as TMP-I) liposomes on a melanoma cell according to TMP-I content. 

Fig. 2 shows pictures representing the anti-metastatic activity of TMP-I liposomes and TMP-I emulsion, wherein 
both of which contain an anti-angiogenic compound. 
25 Fig. 3 shows pictures representing the relationship between TMP-I liposomes and doxorubicin, an antitumor agent. 

Fig. 4 is a graph showing the cytotoxicity of a cationic liposome that contains TMP-I. 

Fig. 5 is a graph showing the stability of various liposomes and emulsions containing a TMP derivative stored at 
4 °C. 

30 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0008] The present invention relates to an antitumor agent containing a phytosphingosine derivative of the following 
formula I as an active ingredient. 

35 

OH 



H^2(CH 2 )33- 

6h "nr^r 3 



a) 

[0009] In the above formula I, R 1 , R 2 and R 3 respectively represents a hydrogen atom or a C r C 8 alkyl group; and 
X represents an atom or an atomic group containing a halogen atom, a hydroxyl group, an alkyl sulfonate group or an 
aryl sulfonate group. 

[0010] The antitumor agent of the present invention contains the above phytosphingosine derivative in the form of 
a liposome or an emulsion, and it can also contain other ingredients such as an anti-angiogenic agent or doxorubicin, 
an antitumor agent having cytotoxic activity, in addition to the phytosphingosine derivative. 
[0011] The present invention is described in greater detail as set forth hereunder. 

[0012] The present invention relates to an antitumor agent comprising a phytosphingosine derivative (hereinafter 
referred to as TMP) of the above formula I which is manufactured in the form of a liposome or an emulsion. As a TMP 
of the present invention, it is preferred to use N.N.N-trimethyl phytosphingosinium halide (TMP-hal), and more prefer- 
ably N.N..N -trim ethyl phytosphingosinium iodide (TMP-I). 

[0013] A variety of compositions of anti-metastatic liposomes were prepared in the present invention. The results 
showed that DPPC/Chol/TMP or DPPC/Chol/PEG-PE/TMP compositions of liposomes had excellent anti-metastatic 
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MM ingr.di.nl. .nd • «»«' p..p»«,.n b.n b. pre* »>l" .Mm « ^ ' „ „. , dmi „,« le „d both In oral 

L» l«gM. V. "«»"" « * ' ">•"•' f '* SSt "bo™ J -1 mglkg .1 b.dy weight. Th. .»» 

oa.ne.. ol illn.« and th. lite. Th. prata"™! ™°""> »' d "'f^T a „ a mu . „,„, 1 .atu..d «n. prpp.Mi.n. ... 
a 9 .nt .ho.ld be prepared don.ld.npg th. P« "S^JTSSlnd m.thad el do.ag. eppp th. d«ipi.» 

be Sed to without departing from the spirit and scope of the .nvenfon. 
Examp.e 1- Synthesis of N.N.N-tr.methy.phytosphingosln.um .od.de (TMP-I) 
,0019) To 3mL o fm ethano,0.30 g o,^^^^ 

ol iodome.hane (4.73 mmo.) were aded, and ^^^^^^ resulting mixture. The so.ution was ex- 
orated under reduced pressure and 4 mL of M ed water was ^ evaporated to give 0 . 26 g of w h,te 
tracted with 8 mL of ethyl acetate dned (Na 2 SO <l ), filtered, ne e y 



solid product 
Yield: 76% 
mp : 210-213 °C 



IR(KBr) « max: 3309 (OH), 2918, 2850 (C-H] > cn£ d = u 4 Hz)j 376 (d> 1H , J 



24. 87 : 22.00. 13.84 ppm 
MS (FAB, Glycerol, m/z): 361 (M + ). 



50 0.46 g of white solid product 
Yield: 55°/c 



55 



,R (KBr) v max : 3326 (OH), 2920, 2852 (OH) cm 1 j = 8 „ Hz) 416 (dd> 1H . CH z O 

1H NMR (500MHz, CD 3 OD): 5 7.70 (d, 2H ^rorn H^ " = ^^^^ (M> 1H ). 3.44 (t, 1H). 3.21 C. 9H. N*CH 3 ), 
J = 14.4HZ). 4.09 (dd, 1H, CH 2 Q, J = 14.4 Hz) ^3.89 (d, 1H J - 87 Hz) 3 I . ^ 

2.37 (s, 3h! Ph-CH 3 ), 181 (m, 1H, CH ) 1 .58 (m, 1H <W»^^^ MtM nM.2»».n**. 
13 C NMR (500MHz, CD 3 OD). 8 142.07, 140.16, 128.31, 125.45, /b.l 
28.96,25.03,22.22, 19.81, 12.93 ppm. 
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Example 3: Preparation of Liposomes 

,„ P,ep»ra.ion ol MLV (™M«™i« »«k,l«,) and SUV (smal. .Wk "**•) 

o^a^hlptKegl.ssvi.1 while r.™»ing Ih. °«*7"^^^^n?^P^"» Ip' P""'*™ "V"™"" 1 . 
(2) Preparation of Anti -metastasis Liposomes 

,0023, Liposomes comprising various phosphors and TMP, an anfi-metastasis compound, were prepared as to.- 

lows. . . . 1 . 1 (w/wi rali0i dissolved in an organic solvent in a 20 mL 

[0024] TMP and DOPE, a neutral l.p.d, were mixed .n 1 . 1 (w/W) i«£ form ation of a thin 

glass vial, and then evaporated under ^f/^^ZZZ ^oseVthen cationic liposomes were 
„pid film the film was completely dried, fo a composition comprising egg-derived 70% 

finally prepared by means or vortex °r son.catKHV _TMP was ad* d to a P ^ ^ ^ mole 

phosphotidylcholine (PC); a mixture of 1* mole r*«° °' °° A egg PC a ^ ^ ^ phos . 

ratio of dipalmitoy. phosphatidylcholine (DPPC) and ^^^^^ and formed a thin lipid film within 
photidylethanolamine-polyethylene glycol (P E-PEG), dissolved m an , o Th ^ , nm was nydrated 

S s the glass vial while comp.ete.y «*^JgSSS £ jS- the^hin membrane of the phospholipid, 

Example 4: Preparation of an Emu.s.on with an Am.metastafc Activity an* the Measurement of Physica, 
30 Properties 

(1) Preparation of an Emulsion 

filter to be used. 

(2) Stability Test of Liposomes and Emulsions 

to the compositions of phospholipids were measured. 
Example 5: Analysis of in vivo Anti-metastasis 

45 [0 02 71 D irect,ungmetasta^ 

Lous concentrations o, me.anoma ^^^^^IL^^n. After 15 days o, the injection, 

2 x 106) to determine the proper concentrat.on of melanoma c exam ined. 

fungs were removed after anesthesia and the bove experiment was injected through 

so 0028, Further, proper concentration of ^^^S^^m aforementioned TMP-containing enti- 
re ta!l vein of the C57/BL6 mice to <^J^£%£^ cell injection, 250 pg of TMP in the liposomes 
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Example 6: Measurement of Cytotoxicity and in vivo Toxicity of TMP Liposomes 

[0029] Cytotoxic effects of TMP liposomes on cancer cells were examined by using human hepatoma cell line 
SNU398 and murine melanoma cell line B16F10. The SNU398 and B16F10 were trypsinized and then washed with 
serum-free medium (RPMM640). They were then dyed with trypan blue for cell count, plated on a48-well plate with 
1 x 10 5 cells/mL, and then treated with various concentrations of cationic liposomes comprising TMP. After 3 days, 
they were dyed again with trypan blue and the reduction of viable cells was examined. 

[0030] For the examination of in vivo toxicity of TMP liposomes, they were injected via intravenous injection or intra- 
peritoneal injection and the lethality of mice were measured. 

Example 7: Analysis of the Inhibition of in vivo Growth of Cancer Cells 

[0031] The inhibition of cancer cell growth in in vivo system was examined in BDF1 mice using Lewis lung carcinoma 
(LLC) ceils. The concentration of LLC ceils used was such that each mouse was injected with one million carcinoma 
cells via subcutaneous injection to induce a cancer. One hundred microliter of TMP liposome (TMP 1 00 jxg) was injected 
intraperitoneal^ and intravenously, respectively, 1 day, 3 days, 6 days and 9 days after the injection of the above LLC 
cells. As a positive control, AG3340 (Agouron Pharmaceuticals Co., Ltd., USA), known as an MMP-2 (matrix metalo- 
proteinasse-2) inhibitor, was suspended in 0.2% tween/0.5% carboxymethyl cellulose and 2 mg of the resulting sus- 
pension was intraperitoneal^ injected daily. Twenty one days after the injection of the LLC cells; each mouse was killed 
by dislocating cervical vertebra and then the change of cancer volume was examined and photographed. 

Example 8: Preparation of Tablets 

[0032] 



Active Ingredient 


1 9 


Lactose 


7g 


Crystalline Cellulose 


1.5 g 


Magnesium Stearate 


0.5 g 


Total 


10g 



[0033] The above components were mixed together after crushing them into small pieces and tablets were prepared 
by direct tableting method. The total amount of each tablet was 500 mg and the active ingredient accounted for 50 mg. 

Example 9: Preparation of Powder Type 

[0034] 



45 



Active Ingredient 


1 9 


Corn Starch 


5g 


Carboxy Cellulose 


4g 


Total 


10g 



[0035] The above components were mixed together after crushing them into small pieces and prepared powder type. 
Five hundred milligram of powder was added into a soft capsule and a capsule type preparation was manufactured. 

Experimental Example 1 



[0036] First, the anti-metastatic activity of TMP-t in in vivo system was examined. The metastasis of cancer was 
examined in four different groups of mice having different B16F10 melanoma cell concentrations of 2 x 10 4 , 2 x 10 5 , 
2 x 1 0 6 and PBS to determine the number of cancer cells suitable for the observation of the metastasis. The lungs of 
the mice were removed after 15 days of tail vein injection and examined. The result revealed that the size of lung 
obtained from the group injected with 2 x 10 6 B16F10 melanoma cell concentration grew larger and finally a large 
number of colonies were formed, in contrast, the lungs obtained from the groups treated with 2 x 10 4 and PBS did not 
show any noticeable changes in its size and also did not display the production of tumor colony while the one obtained 
from the group treated with 2 x 10 5 showed the presence of a small number of colonies and the number of colonies 
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continuously increased until after 21 days of the treatment. Therefore, the appropriate concentration of melanoma cell 
for the experiment of TMP I anti-metastasis was determined as 2 x 10 5 . 

[0037] The experimental mice of each group were administered with 300 u.g or TMP-I derivatives, respectively, one 
day, 3 days and 6 days after the injection of B16F10. The lung obtained 15 days after the injection was smaller than 
that in a control group and colony numbers were also remarkably decreased (Table 1). 



Table 1 . 



Result of Antl-metastatlc Activity of DOPE/TMP Liposomes 


Classification 


Dose of TMP I (u.g) 


No. of Colonies 


PBS 




200 ± 20 


DOPE/TMP-I Liposome 
(1 : 1 wt ratio) 


300 


30± 15 



15 

Experimental Example 2 



[0038] The anti-metastatic activities of TMP-I were examined according to different liposomes compositions. Lipo- 
somes were prepared by adding TMP-I to a mixture of 70% egg PC and 100% egg PC/Choi (1 : 1 molar ratio), and 

20 used for the anti-metastasis experiment. B16F1 0 melanoma cells of 2 x 1 0 5 concentration were injected through tail 
veins of C57BL mice. Mice were treated with 250 u.g of TMP-l-contalning liposomes 1 hrafterthe injection of melanoma 
cell, treated with 250 u,g of TMP-l-containing liposomes 3 days after the second injection of melanoma cell, and also 
treated with 250 p.g of TMP-l-containing liposomes 7 days afterthe third injection of melanoma cell. Lungs were obtained 
from each group after 15 days of the first injection of melanoma cells by removal after killing them by dislocating the 

25 cervical vertebra and colony numbers were compared (Table 2). 



Table 2. 



Result of Anti-metastatic Activity of TMP I Liposomes comprising 70% PC and 100% PC 


Classification 


Dose of TMP-I (^g) 


No. of Colonies 


PBS 




200 ± 20 


70%PC/TMP-I Liposome 
(10 : 1 wt ratio) 


250 


35 ± 15 


100% PC/Chol/TMP-l Liposome 
(5:5:1 mole ratio) 


250 


30± 10 



Experimental Example 3 

\ 

40 [0039] The anti-metastatic activity of TMP-l concentration was examined using liposome compositions comprising 
70% egg PC. Liposomes were added with cholesterol in addition to 70% egg PC in order to increase the stability of 
liposomes. The experiments of anti-metastatic activity were carried out with liposomes containing mixture of 70% egg 
PC : Chol : and TMP I. 

[0040] The result showed that liposomes containing 50 u.g of TMP-I had more than 60% of anti-metastatic activity 
45 (Fig.1 and Table 3). In contrast, the conventional TMS (trimethylsphingosine) liposomes with 250 u.g TMS showed 
about 50% of anti-metastatic activiy (Y.S. Park et al., Cancer Res., 54, 2213-2217, 1994). Thus, it turned out that the 
anti-metastatic effect of TMP I P liposomes was superior to that of TMS liposomes. 



Table 3. 



Anti-metastatic Activity according to different TMP-I Contents 


Classification 


Dose of TMP-I (u.g) 


No. of Colonies 


PBS 




> 250 


70%PC/Chol/HTMP-I liposome (4 : 4 ; 1 wt ratio) 


50 


80 ±30 


100 


30 ± 10 


200 


35 ±25 
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Experimental Example 4 



10 



15 



[0041] Anti-metastatic activities of various anti-metastatic liposomes were examined according to different compo- 
sitions and also the liposomes added with anti-angiogenic agent (AG3340, Agouron Pharmaceuticals, USA) were 
examined for the anti-metastatic activities (Table 4). Control liposomes were prepared by mixing 70% egg PC/Choi/ 
Phytosphingosine in 4 : 4 : I wt ratio. Lipid to drug ratio was kept to 20 : 1 wt ratio. The liposome compositions and the 
effects are shown in the following table 4. The concentrations of TMP-I and drugs (anti-angiogenic drugs) being ad- 
ministered were both set at 100 u,g, and the TMP-I concentration remained the same regardless of the presence of a 
drug (an anti-angiogenic drug) in a given liposome. 

[0042] Experiments were carried out the same as in Example 5 with the exception that administrations of liposomes 
were performed four times of 1 hr, 3 days, 6 days and 9 days after the injection of melanoma cells. The result showed 
that the number of colonies slightly decreased in control group of liposomes comprising phytosphingosine, however, 
the effect was not noticeable. When the administration was performed by DPPC liposomes along with a drug (an anti- 
angiogenic drug) there was almost little anti-metastatic effect shown. However, when the administration was performed 
by TMP l-containing liposomes along with a drug (an anti-angiogenic drug), the colony numbers were remarkably 
reduced to less than fifteen in count. When (TMP-I + PEG) liposomes, liposomes wherein 10% PEG-PE is added to 
TMP l-containing liposomes, were administered to increase the retention time of liposomes in blood, similar superior 
effect was observed (Fig. 2). 



Table 4/ 



Examination of Synergistic Anti-metastatic Activity of TMPl-containing Liposomes with the Additon of Antl- 
anglogenlc agent 


Classification 


Dose of TMP-I (u.g) 


Anti-angiogenic Agent ([lq) 


No. of Colonies 


PBS 






> 250 


Control Liposomes 1 ) 






200 ± 30 


DPPC Liposomes 2 ) 




100 


210+40 


TMP-I Liposomes 3 ) 


100 


100 


15±5 


TMP-I Liposomes 3 ) 


100 




35 ± 10 


TMPI+PEG Liposomes 4 ) 


100 


100 


15± 5 



35 



1 ) 70% PC/Chol/Phytosphingosine (4 : 4 : 1 wt ratio) 

2 ) DPPC/Chol (1 : 1 mole ratio) 

3 ) DPPC/ChoL/TMP-l (5:5:1 mole ratio) 

4 ) DPPC/Chol/PEG-PE/TMP.| (5:5:1:1 mole ratio) 



Experimental Example 5 

[0043] Anti-metastatic activity was measured by using an emulsion prepared from a TMP-I derivative having anti- 
metastatic activity. Experiments were carried out as in Experimental Example 4 with the exception that the anti-meta- 
static emulsion was intraperitoneally administered. The lungs obtained from an untreated group (a control group) were 
compared with those treated with a TMP-I emulsion. The results showed that there were 250 colonies in the control 
group while there were 70 ± 20 colonies in the group treated with a TMP-I emulsion. This value implies that anti- 
metastatic activity was more than 70% (Fig. 2). 

Experimental Example 6 



55 



[0044] TMP-I liposomes (DPPC/Chol/ TMP-I = 5:5:1 mole ratio) having an anti-metastatic activity was administered 
to BDF1 inoculated with Lewis Lung Carcinoma (LLC) cells and their inhibitory effect on the tumor growth was observed. 
The concentration of LLC cancer cells used was one million cancer cells per each mouse and tumor was induced by 
subcutaneous injection. One day after the subcutaneous injection, TMP-I liposomes were introduced into each mouse 
via intravenous injection and intraperitoneal injection (TMP-I content: 100 \ig). The same administration was repeated 
after 3 days, 6 days and 9 days of the subcutaneous injection of the LLC cancer cells and 21 days after the injection 
each mouse was killed by dislocation of the cervical vertebra, and the volume of cancer was measured by the following 
equation and the results are shown in the following table 5. 
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[Equation 1] 

(Long Axis of Cancer) x (Short Axis of Cancer) 2 /2 



Table 5. 



Administration Routes and Number of Dose for TMPI Liposomes and AG3340 (a positive control) and the 
results on the Inhibition of Cancer Growth 


Classification 


Amount of Dosage 

(ng) 


Adm. Routes. / 
Number of Dose 


Volume of Cancer 
(mm 3 ) 


Inhibition Rate (%) 


Control 






1587 ±400 


0 


AG3340 


2000 


intraperitoneal/20 


1100+ 250 


31 


TMPI 


100 


intraperitoneal/4 


220 ± 50 


87 


TMP-I 


100 


intravenous/4 


540 ± 150 


66 



50 



[0045] As shown in the above, the volume of cancer grew very large in a control group and it showed that there was 
an active angiogenic progress around the cancer region. In the group where TMP-I liposomes were intraperitoneally 
injected, the volume of cancer was remarkably decreased and the angiogenic progress was also much deteriorated. 
Meanwhile, in the group where 2000 u.g of AG3340, an MMP-2 inhibitor, was injected daily for the duration of 20 days 
after suspending it in tween/carboxymethyl cellulose, the volume of cancer was not much reduced; i.e. , when AG3340, 
a positive control, was intraperitoneally injected there was a decrease of only about 30% in the volume of cancer. In 
contrast when TMP liposomes were abdominally injected there was a decrease in volume of about 85% while there 
was about 60% decrease in cancer volume when TMP liposomes were injected intravenously. 

Experimental Example 7 

[0046] The effects of TMP-I liposomes and doxorubicin, the conventional antitumor agent with cytotoxic agent, on 
metastasis in mice were examined by using B1 6F1 0 melanoma cells. The melanoma cells of 2 x 1 0 5 per each mouse 
were intravenously injected, 33 u.g of doxorubicin were administered immediately after the injection and also 3 days, 
6 days and 9 days after the intravenous injection, respectively, and in another group was administered with 25 u.g of 
doxorubicin along with TMP-I liposomes. The result showed that anti-metastasis was more effective when TMP-I lipo- 
somes were administered in addition to doxorubicin than when doxorubicin was administered alone, even when less 
amount of doxorubicin was used (Fig. 3). 

Experimental Example 8 

[0047] Two different kinds of TMP-I liposomes were manufactured to examine in vivo toxicity and the cytotoxicity. 
The two TMP-l-containing cationic liposomes, DOPE/TMP and DPPC/Chol/TMP liposomes, were used to examine 
their cytotoxic effects on cancer cells. The hepatoma cell lines used were Human hepatoma cell line SNU398 and 
mouse melanoma cell line B16F10. The cationic liposomes (TMP-I: DOPE = 1 : 1 wt ratio) were prepared in various 
concentrations and their cytotoxic effects on cancer cells were examined accordingly (Fig. 4). The result showed that 
there was no cytotoxic effect observed in mouse melanoma cell line (up to 200ng) while there was observed some 
death of cancer cells in human hepatoma cells when these hepatoma cell lines were treated with 12.5 u.g of TMP-I 
liposomes and almost all cancer cells were dead when treated with 100 u.g of TMP-I liposomes. In case of SNU cancer 
cells, LDgQ was 25 [tg (Fig. 4). 

[0048] When mice were intraperitoneally injected with 2000 |ag of TMP-l-containing cationic liposomes and the same 
injection was repeated 3 days and 6 days after the first injection, respectively, and examined 15 days after the first 
injection, the mice were observed still alive. Moreover, when mice were intravenously injected with 1000 p.g of DPPC/ 
Chol/TMP-I liposomes 3 times as in the above and examined 15 days after the first injection, they were also still alive 
(Table 6).] 
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Table 6. 



In vivo Toxicity Test of TMPI-containing Liposomes 


Classification 


Amount of Dosage (u,g) 


Adm. Routes 


Number of Dosage 


Lethality Rate (%) 


DOPE/ TMPI 


2000 


intraperitoneal 


3 


0/5 (0) 


DPPC/Chol/TMP.I 


1000 


intravenous 


3 


0/5(0) 



10 Experimental Example 9 

[0049] The stability of anti-metastatic liposomes and a nti -metastatic emulsions kept at 4 °C were examined by using 
zetasizer 3000 according to the change in size of liposomes and emulsions. The result showed that cationic TMP-I 
liposomes were stable in distilled water and a 5% dextrose solution. In case of PC-based liposomes, liposomes that 
is contain DPPC and PEG-PE were most stable and the emulsions were also shown stable for the period of two months 

(Fig. 5). 

[0050] As shown in the above, the present invention provided multi-functional liposomes comprising TMP, a phyt- 
osphingosine derivative of formula I, which can not only inhibit the metastasis and growth of cancer cells but also 
optimize the anti-metastatic effect when used in combination of other kinds of antitumor agents. Unlike conventional 
20 liposomes, these anit-metastatic liposomes can exhibit anti-metastatic activities alone and thus they will be very useful 
in the delivery system of an antitumor agent and also able to reduce the amount of the dosage level of a given antitumor 
agent. 

25 Claims 

1 . An antitumor agent containing a phytosphingosine derivative of formula I as an active ingredient, 



30 



35 



OH 



OH + NR 1 R 2 R 3 



X 



(I) 

40 wherein R 1 , R 2 and R 3 respectively represents a hydrogen atom or a C,-C a alkyl group; and R 1 , R 2 and R 3 re- 

spectively represents a hydrogen atom or a C r C 8 alkyl group; and X represents an atom or an atomic group 
containing a halogen atom, a hydroxyl group, an alkyl sulfonate group or an aryl sulfonate group. 

2. In claim 1 , said phytosphingosine derivative is N,N,N-trimethylphytosphingosinium halide. 

45 

3. In claim 1 . said phytosphingosine derivative is contained in a form of a liposomes or an emulsion. 

4. In claim 1 . said antitumor agent contains a substance of anti-angiogenic activity or a cytotoxic cancer drug in 
addition to said phytosphingosine derivative. 
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Fig. 2 
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Fig- 3 
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Fig. 5 
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